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Recent advances in knowledge about the different information
processing functions of the right and the left cerebral hemispheres,
and laboratory studies of these different functions were reviewed for
their implications for training and education. The evidence is that
the right hemisphere is specialized for spatial and topographic imagery
processes, while the left is specialized for serial, analytical,
language processes. The two hemispheres have different degrees of
access to the vocalizing system on the midline, which is primarily under
the control of the left .hemisphere, and to the motor systems for the
right and left hands. Under certain conditions, the left hemisphere
can override control over these systems by the right. The tagh that
is given to the subject, the orienting task, not only determifies the
subsequent informetion processing done to mediate responding, but also
influences where this processing is done in the cerebral hemispheres.
Recent studies of the effects of mental imagery on learning and memory
predominantly find strong positive effects. In verbal learning whatever
mental imagery adds, a spatial organization, an integrating context, or
a second coding, it is clear that it results in be}ter retention and recall
in the laboratory.

)

The implications of this for training and”education are that
the right hemisphere functions have been relatively neglected in the
predominantly verbal mediation of instruction and knowledge. The
challenge to instructional technology is to utilize the dual-coding
system more effectively.

L .

The first of several planned studies, using interactive, animated
graphics for illustrating the abstractions, concepts and laws of science,
and for stimulating imagiral processes in students, is_described in this
report. It was found that these graphics did have positive effects on
the learning of concepts in electro-chemistry, as measured by recall
tests of knowledge, comprehension, and application, and that the lesson
containing these’graphics was more attractive to students than a lesson
iu which purely verbal explanat{on was used. Subjects who took the
lesson providing external imagery reported experiencing more internal imagery
than did the subjects who received the verbal version. N

These positive outcomes encourage further research into (1) better
methods for inducing mental imagery in students thap verbal instructions,
(2) theoretical foundations for the processing of external imagery relating
it to current theories of the structure of long term memory, and (3) objective
indicators of mental imaging that would be more reliable than verbal reports
of subjects.
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. ABSTRACT T

» v

.

Two versions of a CAI lesson on how a simple battery works were
designed to elaborate conceptual and topographic information either
verbally or pictorally., The effects of the type of information pre-
sentation,on learning and attitudinalioutcomes was investigated. The
lesson that incorporated animated graphics resulted ip higher scores
on recall tests of knowledge, comprehension, and application. Students
found this lesson to be more attractive. Subjects in the treatment pro-
viding external imagery reported experiencing more internal imagery than
did the group receiving the verbal version.

The possibility of an interaction between eye-movements during
tests of vefbal and pietorial procgsging and attitudes toward the two

CAI lessons was suggested by the data. These outcomes are generally

supported by the literature on mental imagery in learning and memory.
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I. INTRODUCTION

CAI terminals, such as the PLATO IV plasma panel, provide capabilities
for a certain amount of animation, and for accepting pointing responses

q ~
(touch panel) from the student. Together, these capabilities constitute -

e« unique medium' for interacting with the student and an attractive tech-
nology to use for research on the effects of certain types of imagery on
learning and memory. Review of the literature bearing on mental imagery
and the general outlines of an experiment to investigate the effects of

. . . . . SN
animated, interactive graphics on learning about invisible processes were
set forth in an earlier .eport. N

In this Fbport, more recent research relating to imagery”/in. learning

and memory is reviewed, and the design and results of the study,-.outlined

L]

earlier, are described.
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II. RECENT RESEARCH ON FUNCTIONS
OF THE CEREBRAL HEMISPHERES

<

A number of lines of reseaffﬁ/::;’resulting in better knowledge
N about right and left cérebral hemiéphere(ﬁunctioqs,'inter-hemispheric -

communications, the interrelations between the hemispheres and 'thé motor
L]
Systems,_aha the effects of orienting tasks on_hemispheric processing.
‘ ) L/é/’(\ﬁa
This information is of relevance to studies of the effects of both

external and internal imagery in learning and memory. Therefore, some

-

\
selected recent articles from these areas of reseaxsh are reviewed in this

»

. . . A\
| * sectiont o o e
R+ N ~ Techniques for Studyifg the Functions of
: N 7 the Cerebral Hemispheres
! Ipformation on lateralization of brain function has come from a - .
+ \ *
- variety of sources ranging from studies using augopsy of the brain to :

~

recent studies of split-brain and callosal disconnection syndrome cases,
/

using orienting tasks. A ch oiogical classification of much of the

research on brain laterality by McNeil and Hamre (1974) includes these
categories:

Autopsy studies. Patients who suffered loss of speech were found to

have "softening" or other types-of damage and, disorders within the left g

.

hemisphere of the brain.

. \
Handedness correlates., A three-way correspondence between handedness,
cerebral gfmirance, and language has been assumed but reeknt evidence sug-
gests that although right-handers usual:y have « language dominant left- |

/
hemisphere only 1/3 of left-handers are right-hemisphere dJominant.

2w

: Q2




Cortico-anatomical techniques. The following are examples of these

techniques used with patients:

1) Hemispherectomy. Removal of the left hemisphere caus-z loss
of speech while removal of the right hemisphere r
little or no language impairment.

2) Cortical mapping. Electrical stimulation to the deft hemis-
phere interferes with language tasks.

« 3) Studies of split brains. When the two hemispheres.of the
cerebrum are disconnected, the right hemisphere is Seen to be
specialized for "appositional" processing, while the left-
hemisphere is seen to be specialized for "propositiogiiy
processing. . ' ' N

N\

Intracarotid sodium technique. When sodium amytal is injected

into the patient's left or right carotid artefy, functions of one hemis=~
phere are degraded temporarily, thereby allowing analyses of some

hemisphere functions. 1Injections affecting the left hemisphere usually

.y

interfere most with- speech and language functions.

Dichotic techniques. When auditory stimuli are presented simul-
X :
taneously to each ear (which transmit the stimuli primarily to the contra-

lateral hemisphere), the dominant hemisphere for processing can be
identified. Results indicatg that language is processed in the left
hemisphere while nonverbal stimuli are processed in thé right.

Dichoptic techniques. Different visual stimuli are simultaneously

’

presented to each visual field so that each- hemisphere perceives only one
of the stimuli. This technique has been used with "split-brain' patients.

T
Results of recent studies are discussed in this section.
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Split-Brain Research

Nebes (1974) reviewed recent studies of hemispheric specialization
in commissurotomized man. In normal brains, the corpus callosum and other
commissures and pathway: at cerebral and brain-stem levels provide for
inter-hemispheric communication. It could be argued, therefore, that
evidénce frop split-brain research does not apply to n;;mal brains. But,
it seems unlikely that the fumctions of the hemispheres would be totally
different when partially disconnected from othe: areas by severance of
commissural pathways. Of course, several hypotheses are possib;e. Left
and right hemisphe-es might be identical halves of a fully-duple%ed in-
formation-processor. One half might serve in a standby mode while the
other half did all processing?‘Neuroanatpmy and traumas to right or left
haives indicate this hypothesis is wrong. Or, each hemisphere might have
unique functions, coordinated at brainstem levels. The existence of the
corpus <allosum and other cerebral commissure§ suggest that this could be
only partly Lrue. Finally each hemisphere might have both unique and
common or shared functions. Current neuroanatomical and clinical evidence
fav0{spthis hypothesis.

On the question of shared functions, séccion of the interhemispheric
tracts eliminates much ¢ the normal integration of sensor§_informatiok -
between the two sides of the brain. On tﬁé unigque guncpigh question,
cortical areas concerned with speech functions have been well-localized in
the left hemisphere of right-handed individuals, with even anatomical

differences being observed between these regions in the right .and left

hemispheres (Geschwind, 1972).




The information from split-brain studies contributes some tantaliz-
ing glimpses of cognitive phenomena to the background for research in
training and education. The following information is taken from Nebes'
(1974) review of split-brain research.

Language. The left hemisphere is proficient in all language skills,
confirming ;he evidence from other sources. The right hemisphere can
recognize words and caun cause words to pe copied. It usually cannot
produc2 names associated with objects; and it cannot eipress itself in
speech through the speech méchapiSms. It appears to have great difficulty
comprehending verbs. Gazzaniga and Hillyard (1971) concluded that the right
hemisphere cannot-recognize the relationships between subject, gbject and
verb. '

In the number identifving tasks that Gazzaniga and Hillyard (1971)
gave the right hemisphere there was‘the poésibility that the dominant
(left) hemisphere could have‘shared in the processing by '"silently recit-
ing the list of possible choices," and by being cued to verbalize the
correct choice when the right hemisphere perceived it. (See Krashen, 1975

for further details).

Minor -hemisphere functions. These were cléssified by Nebes under

spatial rélations, part-whole relations, and non-verbal stimuli. 1In the
series of studies whose results are summarized below, the right hemisphere,
left (or right) hand combination was superior to the left hemisphere,
right hand combination. ®

1. Spatial relationships:

1.1 Free choice situation: Line orientation, direction of
movement; Right hemisphere predominates.

-5-
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1.2 Choose two-dimensional layout that would reproduce three
dimensional shape S held in right or left hand: right
hemisphere, left hand superiority.

1.3 Select the tactile design which would complete a visual
pattern (Raven's coloured progressive matrices): right
hemisphere, left hand far superior--was more concerned
with spatially related moves. ‘

1.4 Copy Greek crosses or two-dimensional representations of
three-dimensional cubes: patients performed better with
left hands (at a time when they could write only with
their right hands), specific right-hand apraxia.

1.5 Manipulation of KOHS blocks: left ha
teach out to correct (apraxic) rj

would spontaneously
hand.

Part-whole relations: (Right hemi
concept of complete stimulus co
fragmentary data.)

ere is superior in generating
igurat{qn from partial or

2.1 Choose one of three circles from which arc was taken. /
Examine either arc™r circle or both with right or left
hand.

2.1.1 Feel arc, visually select circle.

2.1.2 Feel both arcs.
Left hand best (right hand at chance level).
Right hemisphere, left hand far superior on these
tasks.

2.2 Match felt forms to form of fragmented visual figure, if
reunited; right hemisphere, left hand far superior.

Non-verbal stimuli: (No verbal label or too complex to specify
in words.) (RH damage results in difficulty in recognizing and
remembering faces, nonsense figures, or complex patterns).

3.1 Visual Chimeras. (These are symmetrical pictures, such as
a human face, made up from two halves of slightly different
images, e.g., faces. Each half is presented to a different
hemisphere by tachistopic methods, so ®hat the right
hemisphere sees one half-image and the left hemisphere
sees the other half-image. When orienting tasks appropriate
for right hemisphere processing are given the subject, the
half-image presented to the right hemisphere is seen as a
complete, symmetrical picture. Orienting tasks appropriate
for left hemisphere processing result in t half-image it
sees being completed). ‘ H‘\

-6-
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3.1.1 Point with right or left hand to correct picture
‘ . in array of pictures; S completes right hemisphere
image .

3.1.2 Name or verbally describe the stimulus; S completes
left hemisphere image.

3.1.3 Point to picture of object whose name rhymed with
name of object they had seen. Left hemisphere con-
trolled this, right side of chimera was completed.
(Note that when commissurotomy patients had to asso-
ciate names with faces, verbal naming faculties were
cut off (LH) from facial recognition faculties (RH).

3.1.4 Line drawings for chimerical stimuli. S must pick
‘from array one which is similar to item he had seen;
visually similar object resulted in right hemisphere
match. Conceptually similar object resulted in left
hemisphere match.

n these studies, the minor hemisphere controlled the motor output
not only of the left hand but also of the right. In the competition for
the motor channels, it is the hemiphere which is most competent for the
function involved which assumes control over the motor system.

The significance of these studies of right hemisphere functions /‘
for research on imagery 'in trafﬁing and eéucation is that they clearly
indicate the right hemisphere does hé%e unique functions, which seem to

be analog rather than propositional in nature. The right hemisphere makes

important contributions to the spatial representation and memory of the

exte;nal world, and may be the principal basis for imitative learning.
This possibility is suggested more strongly in Geschwind's work on the
apraxias, réviewed below.

The studies using chimerical ‘mages add interesting evidence of the
effects of orienting tasks on hemispheric processing. When the orienting

tasks required verbalization, the*half-picture Projected to the left

hemisphere was perceived by the subject as a complete (symmetrical) picture:

® .

‘7- I . .
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When the orieting task required only pointing, it was the half-picture
presented to the right hemisphere that was seen as whole, regardless of
which hand was used to make the pointing response. What partnof the nervous
system "fills in" the missiné.half of the picture in these cases ‘is not -
clear, although it is presumably the hemisphere to which the half picture
is projected. Perhaps, it is too great an inferential leap to speculate

that requiring normal subjects to make pointing responses on a PLATO IV

terminal touch panel, instead of typing responses on the keyboard, results

in more right than left hemisphere processing of gféphic images displaye&

on the plasma panel.

The Apraxias

Geschwind (1975) has reviewed recent research on these disorders,
which he defines as '"disorders of the execution of learned movement which

Ky

cannot be accounted for either by;weakness, incoordination, or sensory
loss, or by ;ncomprehension or inattention to commands" (p. 188)¥x The
studies reviewed investigated the effects of the human callosal dis-
connection syndrome, which }esults ffp&ﬁaif?érentAlocations and amounts
of the corpus callosum being dam;ged.

Stud§ of the apraxias in humans with this syndrome shed light on

- interhemisphere communication through different parws of the corpus
S~

~

- callosum, and on the origins of these pathways in each hemisphere; and
also on localization of memory for motor skills. The evidence for inter-
hemispher ic communication descrxbed by Geschwind is important because it
supports the hypothe31s that each hemisphere has some unléue functions

which must be available to the other hemisphere whgn certain types of




“ orienting tasks are assigned. For this reasons, Geschwind's description of

some interhemispheric pathways involved in apraxias is given below (p. 188).

The patient, who was observed over many mqonths, would
carry out commands with his right arm, correctly and without
hesitation--for example, 'Show me how you would use a hammer, '
'Wave goodby.' However, when given commands for his left arm,
such as 'Show me how you would use a comb with your left hand.'
he would usually either make no response or would make a ¢learly
incorrect response. He could use his left arm quite normally
for these tasks under other circumstances: if the ekxaminer
performed the act, the patient could imitate with his left arm,
or if the patient were handed a hammer or a comb, he handled
them normally.

The fully correct performynce by the left arm ruled out
the possibility that the failure\to respond to verbal commands
could be the result of weakness, incoordination, or any other
elementary disorder involving the left arm. The correct res-
ponse of the right arm to verbal commands ruled out inattention,
incomprehension, or uncooperativeness on the part of the
patient. How could we then account for these paradoxical
results? We concluded, on the basis of both these findings

. and other observations given in more detail in our original
paper, that the patient had suffered destruction of the anterior
four-fifths of his corpus callosum, a f1nd1ng confirmed at

postmorten examination. .
/

In order to clarify the mechanismséo; disorders such as
this one, let us consider the anatomical pathways by which
movements are carried out to verbal commands. A vast amount
of evidence has accumulated over the past 100 years demonstrating
that in the overwhelming majority of adult humans the cdpacities
for production and comprehension of language are mediated by
certain regions in the left hemisphere. In particular, a
region known as Wernicke's area is usually involved in the com-
prehension of spoken language. When the subject receives an
order to carry out a movement with the right hand, this order
is probably transmitted from Wernicke's area through the lowdt

. parietal lobe to the left premotor reg;on The premotor
region, in turn, probably controls the/precentral motor cortex,
which gives rise to the pyramidal trdct--a major pathway for -
motor control--which sends fibers to the. spinal cord, where it ’
activates the nerve cells controlling the muscles.

When a command is given td the subject to carry out an.
action with the left hand, the order must also pass through

-9
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Wernicke's area i1n the left hemisphere. Two alternative routes
might be #aken from this point. One goes from Wernicke's area
to the left premotor region, from there via the corpus callosum
to the premotor region of the right hemisphere, and from there to
the right precentral motor cortex, which controls the left limbs.
The alternative route goes from Wernicke's area to the correspond-
ing region in the right hemisphere and from there to the right pre-
motor and precentral motor regions. This alternative route is
probably not the one predominantly used, since damage to this
pathway--when the more anterior route is spared--does not lead o
apraxia in the left arm, with perhaps occasional very rare exceptions.
. As a result of the destruction of the anterior four-
fifths of the corpus callosum in our patient, the verbal command
could not reach the right hemisphere and thus failed to initiate
correct responses by the left limbs. On the other hand, when
the examiner demonstrated the actual motor performance, language
comprehension was no longer necessary because the patient's right
hemisphere could observe and imitate correctly. When an object,
for example, a hammer, was placed in the left hand, the right
hemisphere could also respond to the visual stimulus with the
correct movement. - ~

when considered in ‘the ¢ontext of the above discussion of pathways,

the evidence from these studies bearing on localization of memory for

° 4 N

motor skills fits another small piece in the puzzle of how orienting tasks
influence hemispheric processing. It may be, too, that this kind of infor-
mation ultimately will have some implications for the ways in which hands-on
training is done. The followin; excerpts from Geschwind's article convey

e essence of the‘findings (p. 191;.

This notion that the left hemisphere may be the major resposi-
tory for motor learning alspsaccpunts for the fact--again pointed
out by Liepmann and readily observable in the clinic--that the left
limbs of patients with right hemiplegia are often unusually clumsy.
What makes the disability of these patients even more remarkable
is the fact that normals who lose the use of the right arm because
of peripheral causes--for example, having the arm in a cast as the
result of a fracture--rapidly become very dexterous in the use of
the left limbs. By contrast, the patient with a right hemiplegia
often shows even poorer performance with his left limbs than an .
unpracticed normal would exhibit. The reason is that the patient
with a fracture of the right arm can learn to use his previous store
. of motor skills in the left hemisphere to direct the control of the

-10- ' . e
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left-arm by the right hemisphere. The patient with a right hemiplegia
who has suffered destruction of the left premotor area,has lost a
significant part of his motor learning.

This theory permits us to detect a significant flaw in *he
common teachlng that motor learning takes place throughout the
brain. People who have learned to write with the rigat hand can,
without practice, write with the left hand, or a foot, or even with
a brush in the mouth. It is therefore argued that the whole brain o
must have learned ‘the skills. This theory, however, suggests that

. the ability of an untrained part of the body to carry out a task
may indicate that another region in which actual learning has taken
place is directing the naive area. ) o

One need not assume that in all cases only the left hemisphere
v learns motor skills. In some instances its learning ma§ be superior
to that of the right hemisphere or even simply more accessible.

" For example, even when the apraxic patient fails to imitate the
examiner correctly, he usually does improve when shown an actual
object or permitted to handle it. While the patient may nut cor-
rectly 'blow out' an imaginary match and may still perform incorrectly
after seeing the examiner carry out the pretended task, he may respond
without error to the sight of a real, lighted match. This suggests
that the right hemisphere may have a store of motor learning that is
released only when given much more information. However, we find
that some apraxic patients, although a minority, fail to respond
properly not only the verbal command and imitation but also to the
sight or handling of an object. It is often difficult to prove that
such a patient does not have a more elementary motor disorder."

¢

[y

Hemisphere Specialization in Normals

¢

Studies of the lateralization of brain function in normal subjects

~

have also indicated that earh hemisphere is specialized .in terms of func-
tion. One study found that verbal stimuli elicit left hemispihere processing

in normal subjects while pictorial stimuli elicit right hemisphere process-

’

ing. This. study b}\Qgiioway and Harris (1974) examined the shift in_EEG
“while subjects processed\d\fferent types of external stimuli (printed text,

pictures, or music) and found\tQat there was a shift to the right side
™.
when the stimuli were pictures or mugic, and a shift to the left side when

the subject was reading printed text. In addition, the effect of type of

N

AN
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processing inducement on brain function was investigated by having the

"subject compose a letter "mentally" with eyes closed. This task also

resulted in an EEG shift to the right indicatiné increased right heﬁis-
phere processing.

Similar findings come from the work of Kimura (1973) in that the
right hemisphere was dominant during music and visual tasks (except read-
ing) while the left hemisphere dominated for auditory tasks involving
speech. Using a dichotic listening task, Kimura found that most subjects
reported words heard with the right ear (which transmits primarily to the
left hemisphere) more accurately than those heard with the left ear. But
the oppos%&efwas found for the dichotic perception of music; the melody
played in the left ‘ear (to the right hemisphere)ryas better recognized
tban the one élayed in the right ear. 1In addition to the dichogic listen- .
ing technique, Kimura used a dichoptic technique to assess the visual
perception ability of each hemisphere. Letters and printed words seem ¢
to be processed primarily in the left hemisphere while depth perception,
two-dimensional point locations, and dot enumeration tasks were predo-
minantly handled by the right hemisphere.

—— Another measure of cerebral specialization in normal subjects‘is
direction of certain lateral eye movements while thinking. The assumption
is that cognitive a;tivityowhich is primarily centered in one hemisphere
will cause eye movements contralateral to that hemisphere. Support for
this assumption includes studies which show that electrical stimulation to

a

one hemisphere of the brain causes eye movements away from that stimulated

side (Penfield and Roberts,‘1959). A recent study by Kinsbourne (1972)

claims to offer support for the assumptjon that ''the direction in which

o
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people look while thinking reflects the lateralization of the underlying

- ¢

cerebral activity." 1In the first of two experiments, subjects' eye and

Pl

head movements were recorded in response to verbal, spatial, and numerical

_problems. For right-handers, eye movements were usually to the right for

verbal questionﬁ, and were generally to the-left duriné spatial problems.
In left-handers, movements were not predominantly to one side or the other,
a finding consistent with'evidence that left-handers are not as well
lateralized as right-handers (Hacaen a&d Ajgfiagherra, 1964). The second
experiment yieldis similar results with r;ght;handers looking to the right
during verbal prgtessing and to the left during spatial processing.

A number of other studies have yielded very different resdits than
the Kinsbourne study--fhey'found that the direction of eye-movement is
fairly consistent for a given individual so that a subjecg may be clas-

‘sified as a "left-mover" or "right-mover"(Bagan, 1969; Bakan, 19f1;
Weitan and Etaugh, 1973). The assumption is that a person has a dominant
or preferred hemisphere that more easily and regularly processes informa-
‘tion regardless of the type of question or processing inducement. Com-
parisons between right-movers and left-movers have revealed several cog-
nitive and personality correlates of lateral eye movements. Righft-movers
(assumed to be:left-hemisphere dominant) do better on concept identifica-
tion tasks than left-movers but worse on spatiaf and imagery tasks.

" There seems to be conflicting evidence that 1) eye movements reflect
the tyée Aﬁ\;g%k and underlying prain processing and 2) eye movgment§
reflect the individual's dominant hemisphere. A recent study shed light
on this conflicg by finding that lateral eye ;;yements a;e influenced by

the position of the experimenter (Gur et al., 1975). When the questioner,

. "13‘




faces the subject, His eye movements tend to reflect his dominant hemis-
pherg. But when t@é questioner sits behind him (and a hidden camera records
hig eye movements)J the eye movements will respond to the type of question ¥
and reflect the underlying cognitive acti&ity. The expla;ation is that
ubjects' eye movements indicates their dominant himisphere when in\a
.stressful or anxiety arousing situation.
Othér Eéuéies of cerebral specialization in normals remigd us that

brain processing is not task specific-~-that is, certain tasks or types of

stimuli do not automatically elicit certain types of brain procesging.

~T,

Such a conclusion would be an oversimplification. In the processing of
music, for example, studies cited earlier found that music may be processed
in the right hemispheré. But a more apﬁropriapely &esigned study has revealed
‘that music can be processed differently By different people. Bever and
Chiarello (1974) foung'that musicians recognize simple melod.i-=s ﬁétter in
the right ear (which is linked with the left hemisphere) than in the left,
while CQF reverse is true for non-musician 1listeners. The musicians were
also able to §na1yze the selection for‘component tone ;equences better
when it was presented to the rifht ear. Musicians apparently a iyze

music while the non-professional listener does not. The regeé}chers con=
efbded from these results that the left hemisphere is égm{;ant for p;b-

2 -
céssing of an analytical nature while the right hemisphere is dominant

.
N

for holistic processing.
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IT1I, RECENT‘STUDIES OF HEMISPHERIC SPECIALIZATION
IN LEARNING AND MEMORY

.

The large number of articles on the topic of imagery now appearing

in the joyrnals dealing with learning and memory attest to its current

popularity as a research topic. t

A very small ;ample of/fhese aréicles I?‘reviewed,be}o , to illus-
trate paradigms aqd ?ypothese;, and to give th; flavor of some cprrent
research on right apd left hemisphere.processing in normal subjects.

-

, - ‘ ,
These studies are loosely categorized according to certain Lechnidsgs and

+
hypotheses now current in this research. All of these are concerned in

one way or another with elucidating the functions of the right and left
hemispheres, although each technique may focus on a different aspect of

these functions. .

&

Paivio's Dual-Coding Hypdthesis .
]
According to Paivio (1974), the duﬁl-coding approach has several
general assumptions: 1) verbal and nonverbal informafion are represented ~
and processed in distinct but interconnected symbolic systems; 2) the .

nature of the syhbolic information differs qualitatively in the two sys-

tems such that one system deals with synchronous or spatial information

(pictures) while the other deals with sequential-information (language);
and 3) both systems are dynamic rather than static information stores so

3

that information can be reorganized, manipulated, or transformed. The

dual-éoding hypothesis posits that Uoth.imagery and verbal codes are

stored for pictures and. for concrete words. N




One testab}e,i plication of the dual-coding hypothesis is that
visual memory images should be more effective for-remembering spatial
relationships, and that verbal codes should be more effective for remem-
bering tempo{al telationship;. Snodgras$ and Antone (1974) test;d this
implication and found, for pictures and word‘pai;s presented e{ther in a

¢ spatial or in a'temporal relationship, thac spatial memory was superfbr to

temporal memory, and picture memory waé superior to word memory , bgt that
there was no interaction between type of rela;ionshipsyégd Eype of ma;erial.

Y LY

They interpreted this as not supporting the dual-coding hypothesis, because
L .

. -

no evidence was obtained that verbal codes are specialized for sequenfial

+

processing and pictorial codes for parallel processing.

~
-

’ Selective Interference Between Coding .
‘e . ' S!Stems ’ ..

’

Several studies have prpviéed evidence for independent coding sysé%ms.

b ]
v

One lime of evidence shows'that a perceptual task and a memory task inter-

. . ,
. fere with each other if the two involve the same store or system, A

selective interference technique is used in which spatial and verbal orient-

N ’

ing‘ﬁnd interfering tasks are presented simultaneously inllikecor different

-

" ¢ processing-mode combinations.
. Using this technique Salthouse (1974) attempted to determine whether
b nonverbal visual stimuli were representedtin memory in a verbal or.spatial
format. In the two experiments, the Ss were required to remem;er eithg:
the pésitions or the identities of seven target items in a 25-£tem array

under selective interference conditions. He concluded that the two expe-

. riments provided an unequivocal answer to the question; a spatial or visual

N « )
-16~

i

Ll
I3

¥




Aruitoxt provided by Eic:

ERIC

&

P

'

\

, assumption was that, if the word list requi «s visual imagery, then the

.

a

representation is clearly implicated. The primary support for the notion

.>f separate memories was found in the selective' interference when different

.
' !

types of recall information are remembered concurrently with g@ffeﬁent:tygcs s

— *
- [

- - e— A ‘.

4 e = - LR - 7\ . . ) .
recognition information.- In beth” experiments, .the most interference

‘resulted when the same type of information is involved in the gro~simu11’ )
B " | wolved 1

of

taneous tasksjﬂrThewin£erfeféﬁbé is either greatly reduced or eliminated

’ e T .

when different types of information are invoiveg in the two tasks. ’
In a more recent study, Salthouse (1975) investigased the generalit?

‘ of the selective interfergnce phenomenon by studying several different ‘
concurrent tasks, each inv}lving either verbal or ;patial informatiQn,

and a range of retention intervals from 10 to 30 sec. Interference in
[ « :

,performance was greater when the iwo simultaneous tasks were both verbal
A \

. yor both spatial. L.
A

9 » .
f\\ Lyrne (1974) used a version of the selective inter.erence 'technique

.

'ﬂthaﬁ;calls to mind the series of experiments with split-brain humans, %

réporqed by Nebes (1974) and summarized above. Byrne was interested in.

s

the effects of two types of responses, visually-guided poinéing, at a
. Lt ] . .

_if
¢olumn of Y's and N's on a card, or saying "yes" or "no." The general
task for the subjects was to memorize a list of words and.then , from

memary, to successively categorize each item for the presence or absence

-

.

of a certain characteristic (e.g., does the word refer to an animal). The

N .
/

visually-guided pointing response shpuld disrupt recall.

In a series of five experiments, ‘he varied the conditions of acqui- .

sition in a way that would or would ot produce conflict between memory

functions and perceptual activity duting recall. Conflict in this case

~

v > ""-17- s ’
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suggests that S is storing (or attempting to store) the material in

imaginal form. He found censistent results across a variety of stimulus

— e - O

(1) a visually guided reiponse does seem to disrupt recall of

- - .7
material:

a List of items learned under conditions regarded as likely to induce
Ay ’ c)

" mediating imaBery, and (2) this visual conflict is most evident when the
dtems are spatially organized, and seems largely independent of item
\ , - .

concreteness. This suggests that the presepce‘or absence of spatial

“ e D

i *

Jorganizd'tion is an important characteristic cf stimulus material when
it comﬂs‘io'predicting whether the material will be coded imaginally.
4 . 1

Byrne Jemonstrated that th s spatial quality may be pre§ent in the word's

references-(e.g., house) or physically present in the stimulus material

[ 4

. a%patially ordered pictures). Byrne's results using the selective inter-
ference techniqué suppbrt Paivio's assumption that the two stores are
functionally distinct.

Another kind of supporting evidence for Paivio's duai-coding hypo-
thesis comes frOm studies comparing reaction times for coding concrete
words dand pictures in either store. In a series of three experiments,
Paivio and Begg (1974) ihvestigated the speed of visual search when pic-
;ur;g'aAd their verbal labels served both astarget stimuli and as arrays
tHrquh which the search was conducted. Reaction time for visual search
tﬁrough the arraycs was the principal dependent variable. They interpreted
their results as most consigtent with a dual-coding hypqthesié. Items
that are cognitively represented both verbally and as nonverbal'images can
be searched and compared in either mode.

In another series of experiments Paivio and Csapo (1973) found that

verbal and visual stimuli are independent in the sense that they have

N
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"additive" effect. on recall--that is, repeating a word as a picture or

a picture as a word practically doubles recall whereas repeating a pic- -«

N

ture twice or a word twice in succession deces not enhance recall so

greatly.

Imagery and Imagerv Instructions

Dewing and Hetherington (1974) investiggted the effects of high
imagery value words on times required to solve anagrams. They proposed
that, if noun imagery facilitates the availabil{ty of the words as units,
it would follow that anagrams of High-I1 words would be easier to solve
than those of Low-I words. They found the imagery effect to be highly
significant and to be clearly independent of word frequency and associativg
meaningfulness.

Lesgold et al. (1974) have conducted a number ;} studies on the
effects of giving imagery instructions to several age groups on recall
oi prose material and have found that instructing the § to picture In
his mind what is going on in the passages to be read, or to use the infqrma-
tion to draw or construct a picture from cutouts enhances racall signif-
icancly.

Groninger (1974) studied the effects of instructions to image given
at the time of acquisition vs at the time of recall, on a test of recog-
niticn mwemory for 50 h.¢h imagery-value and 50 low imagery-value words.

e found that imagery instructions at presentation (acquisition) resulted
in superior performance on the recognition memory test.

Forbes and Reese (1974) were interested in the effects of progressive

imaginal elaboration versus single-item elaboration in a multilist paired

T
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associates paradigm, using free and serial recall, and controlling for _

— - 5 _- _— - .

repetition of old list responses in progressive elaborétigﬁﬁ Although .

they expected progressive elaboration to result in superior free recall
T

it and single-response elatoration produced equal facilitation when

response repetition was controlled. They also found that responséﬂre?e-

tition in the context of elaboration provides more facilitation than is ﬁ

provided by single-response elaboration. R
Tversky and Sherman (}975) presented evidence indicating that both SN

recognition and recall of pictures improve as picture presentation time

increases and as time between pictures increases., According to results

of their study, processing of the pictures, rehearsal <~d or encoding,

continues after the picture has disappeared, just as for verbal material.

This contradicts the assumption that "there can be no analog of verbal

. rehearsal in the visual memory system that can be applied to moderately ‘
complex visual stimuli." (Atkinson & Shiffrin, 1968).

This finding is no& surprising for recall, where verbal encoding
strategies can be used dyring "off-times." The improvement in recognition
performance due to increaFed off-time is surprising. Moreover, the
virtual absence of a corrglation between correct recognition and recall
in this study indicated trat sub jects were retri;ving Qifferent information
to pass each type of testk ’

T Madigan (1974) presinted subjects with a number of lists that con~-
tained six different kind' of events: Items presented twice in either
}ﬁ\- picture (pp) or word (ww) Ferm; items presented once in each form, in

one order or the other (pw, wp), and items presented as words (w) or as

pictures (p) once only. In a following immediate free recall test, subjects

-20- o
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—‘ - were r'eguired 7:‘0 recall names of items, and a_lso to icientiify all reca}led
; items by specifying one of the six kinds of events specified above.
s The results stroqgly indicated that subjects easily remembered the
symbol moﬂality of preséhtation of recalled items. That is, they had
very litile d{fficulty in\remembering if the verbal labels they recalled
corresponded to itemé origiAally presented in a verbél or pictorial form.
Further, more items that had been presented pictorially were recalled
than items that had beén presented verbally, -
Madigan and Rouse (1974), investigated the effects of increasing
exposure on recall of names and recognition of orientation of complex
pictures. Both recall and recognition became more accurate with in-
creasing exposure duration during learning, holding inter-item interval
’ constant. The accuracy of these performances was largely unrelated
within each exposure duration. )
* In a second experiment, they found that different typesﬁof cues
strongly influenced recognition of picture reversal. When the (uninform-

ative) cue, ''mext," preceded the test picture, recognition latencies were

longer than when the name of the picture was the preceding cue, for both

"same'" and "different'" discriminations. e

The results of these twqﬂg;periments*§ﬁ§§€§£ that '"verbal and pic-
torial features of complex visual stimuli are retained independently (in
memory) and that pictorial information, represented as such in memory,"

can be readily generated" (p. 151).

Peterson_ (1975) investigated the retention of imagined and scen R

spatial matrices. The nature of imagery ~nd its relationship to percep- -
\ c

. tion were probed by having students recall the contents of 4 x 4 spatial (
- - - ——’—"i—’—"
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matrices after they constructed the matrices through the processes of
mental imagery, seeing, or verbal coding.

In the first experiment, students were instructed to construct

- mental images of the matrices and their contents while listening to audi-

tory messages over earphones that directed them to mentally place letters
into the imaginary matrix. In the second ex;eriment, the matrices ac-
tually were seen by the students, each for 5 seconds. In the third
experiment, students listened to the auditpry messages used in the first
experiment, but were not inﬁyructed to construct mental images.

Recall (using the partial report technique wi;h probes) was best .
when students saw the matrices; ingermediate in the imagery situation,
and poorest in the verbal situation. )

The recall of imagined matrices was similar to that of seen
matrices. The contents of the corner cells in the matrices were recalled
more often than the contents of other cells in the matrix. This implies
that t@e'interhal representations induced by both imagined and seen

matrices are spatial in nature, and that processes involved in the ima- __

ginary construction of a spatial matrix from auditory messages provided
- ! - >

"7 information-similar to that obtained from actually viewing the matrices.

In contrast to these results of experiment I and II,‘the results
from experiment III contained the strong primacy and recency effects of
‘serial verbal learning, and the proportion of items correctly recalled
was much lower than in experiment I or II.

_ Comparison-between results of experiment I and III (both groups

heard the same tapes, but only I was instructed to image while listening)

indicate that the subjects ggglg_ig_§gmg_Egymgﬁntzolhthe_p§eeess%ﬂg»of“;"—“'““‘—”

e
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. information. The imagery instructions to Group I permitted some conscious
control which influenced the processing of matrices.
Peterson speculated that processing of this sort may be multi-stage
in the nervous system, and thaf it is monitored by a "coding evaluator"
[ 3
that operates at a very early stage of processing.
. - Py
/ - ~

The Effects of Context on Memorability and Recall

Jenkins (1974) contends that memory is a constructive process in e
which "what is- remembered in a given situation depends on the physical
and psychological context in which the even was experienced, the knowledge
and skills that the subject brinég to the coantext, the situation in which -
we ask for evidence for remembering, and the relation of what the subject
remembers to what the experimenter demands" (p. 793).

In the non-trivial learning taské characteristic of education and

. training, both analog and digital processing in Attneave's (1974) terms,

are usually required: Language is an indispensablé tool in ;learning.
hhere thé interest is in teaching about the abstract concepts and in-
visible processes in science, gr;phical images may be constructed to
represent these invisible entities. BEF if not supplemented by language,
these external images would be ambiguous or meaningless. This requirement
for a deep structure context for graphic images is beautifully jllustrated
in the study by Bower, Karlin, and Dueck (1975). The following figure ;s
from that study.

This figure 1s not otly relatively meaningless as’is, but is also

unmemorable as was demonstrated. But, when it is asserted that this-dis—a— - —— ]

. drawing of ¢ nidget playing a trombone in a telephone booth, the figure
is suddenly endowed with both meaﬂﬁng and memorability.

=23«
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Figure 1. The Surface Structure of a Graphic
Image. gBower, et al., 1975, p. 217)

.

_ 3

EJ

Bower, Kaéiin, and Dueck reported two experiments investigating the

thesis that peopie remember nonsensical pictures much better if the pic-
tures are given i a meaningful context. In the first study, they found
that free recall (S had to draw all ghe pictures he could remember in-
10 minutes) of "droodles" was wuch better when the subjects received verbal
interpretations of them during study. In the second experiment, they found
that subjects who were given a linking interpretation during stﬁdy of pairs
of nonsensical pictures showed greater associative recall and matching.

The authors concluded that memory is aided whenever contextual cues arouse

appropriate schemata into which the material to be learned can be fitted.

e e e o

In similar vein, the following figure has low meaning and memorability.

when presented’without labels.




N/ A \_’ .

Figure 2, The Surface Structure of Another
: Graphic Image.

When the large circle is labelled "NH,+" the small circle "C1™" and
the loﬁg. thin rectangle "cathode", the wavy lines are then seen to

represent the surface of an electrolyte, the long rectangle an electrode,
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and the scene takes on some meaning as part“of some kind of simple electro-
chemical apparatus. When this image‘is shown in the context of a lesson
about how a simple battery works, it takes on additional meaning. Finikly,
when the image is shown on a plasma panel and the two circles are medeﬂéo
move appropriatsly, the movement becomes meaningful when related to a

physical law.
2

An illustration of the importance of context for the meaning of

verbal passages is taken from Brarsford and Johnéon (1973). (See also

<

Nofman, et al., 1974). Reading through the passage yields very little

information about what it is describing:

things into different groups. Of course, one pile may be sufficient
depending on how much there is to do. If you have to go somewhere

else due Lo lack of facilitiés that is the next step, otherwise you
are pretty well set. It is important not to overdo things. -That 1is,
it is better to do too few things at once than ton many. In the short
run this may not seem important but complications can easily arise.

A mistake can be expensive as well. At first the whole procedure

will seem comiplicated. Soon, however, it will become just apother
facet of life. It is difficult to foresee any end to the ne@gssity N
for this task in the immediate future, but then one never can tell.
After the procedure is completed one arranges the materials into
different groups again. They can be put into thefr appropriate ‘places.
Eventually they will be used once more and the whole cycle will then
have to be repeated. However, that is part of life.

The procedure is actua;ly quite simple. First you arrange

The assertion that this is about washing clothes in a washing machine
suddenly supplies a context that makes the passage completely meaningfulf
Two recent studies of the effect of context i; verbal processing
are those by Fredericksoq (1975) and Anderson and 6rton& (1975) . Both
presented evidence that indica;’s contexts strongly influence Ehe inter-
preta‘ion of verbal passages, a fact that is a problem for current semantic
network theéyies that e;sume fixed hierarchical relationships among concepts.

Earlier work with verbal material includgs that of Bransford and Franks

(1971) which indicates that the learner does not remember individual sentences
4
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verbatim from the stimulus materials but rather constructs meaning from the

/
>

context that the sentence was presented in.
Similar effects of context have been found for pictorial material
as well. Paris and Mahoney (1975) investigaEéd the effects of -context

on recognition by children. In this study, the subjects were presented

with either 3 sentences or 3 corresponding pictures that formed a story,

where 2 of the items were "premise propositions' and one was a filler

.item. Three concepts or relationships were of interest: the two assertions

- . o
of the premises and the implied relationship about the subject in ghg/seéand

»

e

premise. For example, the 3 sentences (gglghgir,p%ctﬁffgi equivalents)
- - -1€2

.

- -might be:

1) The box is to the right of the tree. (premise)

2) The chair is on top of the box. ¥premise)
3) The tree is green and tall. (filler)

The four test items for this exampr would ber

4) The box is to the right of the tree. (true premise)
5) The box is to the left of the tree. (false premise)
6) The chair is to the right of the tree. (true premise)
7) The chair is to the left of the tree. /false premise)

2

The .test results showed that the children mistakenlyiidentified the
"true inferences" as. items that they had segn during acquisition. The

authors concluded that the results indicate that children do not store

-

pictures as static or eidetic copies but construct sequential relationships

into unified representations.




.\ ) ) Disecussion .. _
/ , T e

The tantalizi:ng glimpses of right an;j left cerebral hemisphere functions: “
of integrative processes between hemispheres, and of hemispheric interrela-
tionships with the motor system, hold the promise of even more exciting
discoveries in the future, as well as already having implications for training’
and education. These studies support Attneave's (1974) ideas about analog
and .digital r?presentational processing sistems, reviewed in the preceding
report (Rigney and Lutz, 1974). Additionally, they indicate that the orienting
tasks that are used, as well as the nature of the stiﬁLlus material, are
of great importénce in influencing right and left hemispheric processing.

The studies of chimerical imagery in split-brain patients clearly illustrate
this. When the task is .appropriate for left hemisphere processing, the half

of a symmetrical iﬁage, say a "face" composed of right and left halves of

two different faces, that is seen by the right eye, is reported by the S as

a complete face.® When the task is appropriate to the right hemisphere, the
different half-face projected to the left eye is the basi; for th;.constiuc-
tion of a complete face in the mind's eye. (Ss gave no indication that they
had seen the stimuli as "anything but complete and regular." Nebes, 1974, ?
p. 11). When sélit-brain subjects were required to maks pointing responses
with their fight or left hand to the correct item in an array of complete
stimuli, they picked out the face whose half was shown in the left vis;al
field and seen by the righp hemisphere. 1In the samé §ituation, whe? re-
quired to name or to verbally describe th; stimulus, thé& gicked ;;e‘
(different) face whose half was projected to the right visual field and
seen by the left hemisphere. .

The results with split-brain patients suggest that pexception is a

»
constructive process, as Neisser (1966) claimed, and that what is constructed ) .
N\
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is influenced by the task imposed at the time of construction. Is this

-an effect of selective attention or is it a more fundamental process?"

-

The fact that the 8s thought they saw one complete face when one half of
two different faces reached each hemisphere seems to implicate more

fundamental processes than selective attention, as this is ordinarily

-

conceived. But the question of how selective attention, which is thought

of as a unita;y process, is managed between the dual-processing systems of
the two hemispheres is another mystery. Again, there aré tantalizing
clues in this split-brain work. In two patients studiéd,th; right hemis-
phere“could have the left hand write a word that it had been shown. But

.

it could npt name that word. On some trials, the left hand began to

reproduce {the correct word, then stopped, and finished with letters
appropriafe to an incnrrect guess apparently made by the left hgﬁisphere,‘
subject then verbalized. This suggests a relationship between

. <>
attention and the dominant (left) hémisphere, although what is

. which th
selectiv
called attention may be. a complex of processes originsting and controlled
at subcofrtfcal levels. (See Pribram ard McGuinness, 1975, for a review
of neurophysiolog}cal and psychophysiological data on attention).

Ir. Geschwind's studies of apraxias in patients suffering from the
callosal disconnection syndrome, if the orienting task was stated as
a verbal command, the § could not carry it out with his left érm, but
could execute thé tasg wifh his right arm. If, instead of giving a verbal

command the examinee performed the actthiméelf, the patient could imitate

“the act with his left hand. Tﬁis, we .believe, is a highly significant

E

point for-in§tructiona1 technology. The right hemisphere in these patients

could "observe and tmitate" correctly even thoﬁgh verbal commands, under-

‘

stood in the left hemisphere, could not reach it because of the lesion.

J .
L N

N,
C,.m 0
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Perhaps, ''observing and ihitating" is a more direct way to learn
how to perform that .bypasses verbal encoding and decoding processes in the

left hemisphere. Observation and imitation must be an igportant kind of

1éarning not only among othex social animals lacking highly developed

language skills, but :also in humans (e.g., see Bandura, 1969).

léﬂggyieu,oﬁfthe’fﬁﬁitions of the two <erebral hemispheres by Wittrock,

~

Jerison, Gazzaniga, Nebes, Krashen, and Bogen, (1975) discusses implications

for education. Bogen's summarizing statement about right and left hemis-

«

phere functions is the most memorable. He suggested that '"each hemisphere

represents the self a@d the world in complementary mappings: The left

-

mapping the self as a subset of the world and the right mappiné\the wor ld
as a subset of the self." (p. 27).
These theorists pointed out the lopsidedness of ﬁodern education's

epphasiS'on verbal processing. Wittrock reviewed the historical significance

. -

of’imagery and its impact on learning and memory from the Greek poet Ceos
(556-486 B.C.) and his system for improving memory, through the middle ages

in which most of the populace was illiterate. He discussed the pedagogical

? »

4 . .
value of imagery in architecture, suggesting that the intellectual and

4 i

~
spiritual leaders of the times used these forms of imagery on and in

churches to h:z.p teach the general ideas of the Christian religion. .

The principal onclusion of Wittrock's review of hemispheric special-
ization that the functions of the right hemisphere have been neglected in
modern education, agre%s with Sperry's conclusion (1973):

"The main’ theme to emerge from the foregoing facts is
that there appear to be two modes of thinking, verbal and non-
verbal, represented rather separately in left and tight hemis-
pheres, respectively, and that our educational system, as well
as seicnce-in general, tends to neglect the nonverbal form -of
intellect. What is comes down to is cthat modern society dis-
criminates agAQnst the right hemisphere."

N
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Y The laboratory studies of imageii;gﬁﬁ;;;verbal processing, reviewed

above, confirmed the existence of two processing systems, and contributed

detailed e. -dence of the differences between the two systems, within the

framework of traditionalnexperimental psychological paradigms, in which

. 3

relatively simple stimulus items, short exposure times and retention
t

intervals, and verbatim recall tests are used.

~

The information about right hemisphere functions, reviewed above,

-

suggests that the information processing functions of the right hemisphere

might. properly coupled to énimated interactive graphics displays of ‘

visual analogies, lead to better comprehension of the austere abstractions

/ of science and technology, compared to purely verbal descri.ptionk

’ The serial process of verbal description becomes cumbersome for

describing complicated p(gséfseS. Kam&ann (1975) .reviewed a series of

investigations  for the comprehen§ibility of printed instructions, and '

;
N /

+  has found that the results suggest a rule of thumb: Printed instructions
will be under;tood by their intended readgrs only two-thirds of the tigé
on an average. Perhaps more to the point, the reader need only find and e
read the nearest verbal description of how an NPN or a PNPktransist?r .
works to feel the need for a better way. For current examples of/ﬁetter

ways, in which the usefulness of animated, interactive graphics ?@ being

explored ‘in the .ngoing edqcational envifonment, see Borku(1973/f1975).

For an outstandingly sfccessful applicationof the effects of d;ntal iﬁagery on
. ;.

recall of words in an éducational enyironment, see Atkinson gﬁd Raugh (1975).

I

*
.
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~ " 1V. THE DESIGN OF THE STUDY
/ ,

Purpose:

—

. Ve

The combination of the plasma pénel'énd the touch panel in the

.

PLATO IV terminal is truly a‘agic slate! ‘Touching)va spot on this magic
L]

slate can initiate all kinds of events; diagrams can be made to appear,

to move, to disappear; questions can be answered; Lnstru%F1ona1 scheduldng

can be changed. In.féct, the list is limited on® - hy she ingenuity of the

5 ~ -
programmer. '

How may this magic slate be used for instruction? Many of its
o . «.
advantages are quite clear. For example, pointing responses are much

=
[

simpler, faster, and less error-prone than t¥ping responsés on a keyboard.
\

\

. © . .;
The unique features this terminal offers for. studying imagery is animated

interécgl;e grephics. Static pictures can be shown more inexpensively by

7 N
a slide projector. Moving pictures can shown mcre inexpensively by a
movie projector. But these <evices d t hav9 interactive capabilities.

7
—

Method and Materials.

Two experimental‘coni;?ﬁons were developed as two different lessons

lectrochemistry involved in a éimp}e primary

.,

explaining the co.tepts of.
cell:dl) the_imagery condif%on, in which the sprface-structure of the
stimukgs material was a mixture: a verbal statement of a concept followed
by an animated graphics illustration. In the verbal condition, a concept
was introduced by a verbal statement; but‘zhis was followed by a verbal
explanation. Also, during each lesson, the structure of a simple battery
was gradually built up by tﬂe addition;of components, until the battery

began to generate current through a wire, lighting a 1ighf/bu1b. In

the imagery version of the lesson, this cumulative build-up was visible

-32-
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‘ as a diaéram showing electrodes, container, electrolyte, etc. 1In the
| verbal version, all this was described vg;bally.' In both veréions, the
student interacted with the system through‘the touch panel.

One recognition and three recall tests were the main dependent
variables. All wefe automatically administered by the PLATO\IV system.
The recognition test presented‘some of the surface-structure elements that
were in the lesson to assess the S's recognition memory.

The recall tests were criterion-referenced tests that were deve loped
to assess the degree to which the learning objectives had been attained.

-

The set of instructional objectives was written following the
» .
approach suggested by Gronlund (1970) %n which a genéral instructional
objective is stated and then defined in terms of some specific behaviors
that are expected of the student at the end of the instruction. Thé
‘ objectives were organized hierarchically from simple to. more complex
learning outcoﬁes in accordance with Bloom's taxonomy (1956). 1In this
. way it was possible to assess more simple outcomes such as knowledge of
the facts presented during instruction as well as higher level outcomes
such as ability to apply the information given in the lesson.to a novel
situation. Each test contained 20 items and corresponded to one of three
levels of learning outcomes:i knowledge, comprehension, and application.
A test spcifications array was constructed so that the objectives
could be related to the subject-matter concepts ana test ftems could be
referenced accordingly. )
The effects of the treatments on student attitude were assessed using

semantic differential scales to assess affect toward the leéson, and an

‘ attitude questionnaire, following the Fishbein approach, to assess the

-33=-
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component beliefs and their valuations.

This approach to attitude measurement was used to help determine
not only whether the studénts receiving the imagery treatment had a more
positive affect toward it but also what specific beliefs they held about
that treatment.

As Osgood, Suci and TanneBaum (1957) point out, the semantic differ-
ential is not some kind of specific "test" haviﬁg some definite set of

items. It is rather a highly "generalizable technique of measurement"

»

which must be adapted to the requirement of each research problem to which

it applied. 1In this case, the objective was to measure the degree of positive

or negative affect toward a CAIL lesson on PLATO. Ten scales were developed
for three concepis--the system itself, a tic-tac-toe game administered by

the system, and thg instructional lessons. The first two concepts--machine

4
and tic-tac-toe game--were included to provide supplementary information

about the learning environment. Four of the ten scales were selected because
they load on the scmantic differential evaluative dimension. (Osgood, Suci,

and .annenbaum, 1957). The other scales were selected because they were

judged to be especially relevant to a CAI lesson. The subjects'\responses
\\

to all ten scales were subjected to principal components analysis\§nd (varimax) .
\\
rotation. The purpose of this procedure was to identify the simple‘factor

\

structure and to relate it to Nsgood gt al,'s evaluative dimension.

. \

The other technique to assess attitude was based on Fishbein's (1965)

theory of attitude formation. The attitude scores (factor scores) yielded

by the Fishbein technique were correlated with the remantic differential

factors to relate the two resulgf. The Fishbein measute of attitude is:




‘@

" Bj Aj etc., see Bettman, Capon, and Lutz; (1975a, 1975b).

N
Attitude = : " B; A

i=1
where B; ="the strength of the belief "i'' about the object;

{ = the evaluative aspects of B;, that is, the evaluation
of X;--its goodness or badness; and 4

= the nu;ber of beliefs

For validation of the basic algebraic assumptions of the model;

multiplicative B; Aj, powers assumed to be 1, summation over products of
14

The expected outcome of the attitude measures was that the imagery
group would have a mo;e positive affect toward the lesson than the group
receiving the verbal only treatment.

A one-page set of iAstructions was developed for the subject on how
to use the 7-point.scales. The total attitude instrumetit, then, consisted v
of the instruction page, the semantic differential scales, and the Fishbein
attitude questionnaire.

This study included a number of other individual difference measures.
Measures of CLEM (Cohjugate Lateral Eye Movement), spaiial ability, verbal
ability, handedness, and prior experience with the subject matter were obtained.
These véfiables were included to explore possfble aﬂtitude byﬁtreatment
interactions.

To measure CLEMS, lateral eye movements immediately.following thought-

provoking questions wcre obscrved by the questioner. A set of 20 questions
was developed to elicit right or left eye movements. Ten of the items,
|
designed to elicit verbal processing, were proverbs taken from the Home Book ?
]

éﬁ Quotations (1968). The student was required to verbally expldin the

-35-

30 .




meaning of each proverb. 7The other ten items were questions designed to
elicit spatial processing. An example is "How many windows are there in-

. your house or apartment?" The questioner faced the subject but asked both
~ -

verbal and spatial quéstions in order to discriminate any subjects who do

change direction of eye movements “‘n response to different types of questions.

Procedures

Forty undergraduate college students in an introductory psychology
course chose to participate in this experiment to fulfill a tourse require-
ment. Subjects were run individually during ‘the two 8essions of the ex;Zri-
ment. The sequence ;f events was as follows: (1) the Paper-Folding Test '
was administered; (2) the'twenty verbal and spatial questions were administereé
and lateral eye-movements were recorded; (3) the subject began using PLATO IV,
begin&ing with a short introductiog on hoJ to interact with- the system, which
ingluded a short game of t{f-tac-toe. (4) The subject }ook one of the versions
of the battery lesson, determined by random assignment. (5) The instructional
sequence was followed by the recognitiongtest. (6) Three recall tests were
administered. (7)’ The attitude questionnaire was administered off-line.

The second session was scheduled ore week after the first so that de-

layed retention could be assessed.  During this session, the subjects repeated

the three levels of recall tests. <

Results .

Recognition and Recall Tests. Differences between the two ticatment

groups were found on all learning outcome measures. Tests of significance

were: recognition test; t (38)=2.03, p.«.05) recall tests; knowledge (t (38)=
N \

2.49, p.«=.02); comprenension (t (38)=1.73; p.«£.10); and application (t (38)=

2.53; p.«<.02). The means, prescnted in Table 1, differed in the predicted

1
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direction, with subjects in the imagery group performing better on all

I'd

tests. The largest difference between means was observed on the application

*

test,

Only 75 percent of the students in the imagery group, and only
55 percent of the students from the verbal group, returned the following
week for the delayed retention test. (The laboratory’is approximately
¥ - %X mile from the Campus.) This difference agrees with other data
indicating -that the animated graph?cs lesson was:pore attractive o the
. -

student. However, likely differential biases between these samples

precluded analysis of the data.

. Table 1

Summary of Means and Standard Deviations
for Learning Outcomes

Treatment Recognition Recall Subtests
Group Test
, Ry R2 R3
) Knowledge | Comprehensior Application
Imagery X SD X SD X SD X SD
(N=20) 11.50 (1.43) 14.95 (1.82)11.85 (3.36) |11.05 (4.67)
No Imagery. 10.50 (1.67) 13.35 (2.32) 9.75 (4.27) | 7.95 (2.93)
{N=20) '
Attitudes. The Fishbein attitude questionnaire discriminated between

the two groups, as shown in Table 2. (t (38) = 9.28, p<.0001). The
semantic differential factor scores on the attitude questionnaire will be
discussed later. Correlational analysis revealed no within-group correlations

between the Fishbein scores and recall tests Ry, Rz, or Rj, indicating that

-37;
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attitude was not related to amount learned. Individual items of the question- .
naire were analyzed to reveal the probable sources .of this overall attitudinal

difference. 'As indicated in Table 4, most evaluative items of the form "In

general, a lu%son that possess this characteristic is good/bad' were scored
- 1
|

"similéfly by both groups. But, the g%ouﬁs had very different beliefs about

the characteristics of the lessons. ‘Items (2,4,6,8, and 10) that refer to the

characteristics of external imagery were rated most differently by the two \
groups. )
Table 2
Summary of Means and Standard Deviations for )
"Attitude and Semantic Differential Data
Treatment Fishbein Semantic Differential Factor Scores
Group Attitude
Questionnaire
Lesson Machine- Game <
_ Fac 1 Fac II| Fac I Fac II| Fac I Fac II
Imagery X 62.00 -.01 .35 | -.c4 24 ) .02 .01
(N=20) SD (18.50) (.86) (.69) | (121) (.60) | (195) (1.00)
No- Imagery X -. 1400 .01 -.50 .04 -.17 | -.02 .05
(N=20) SD (31.36) (1.00) (.95) (.60) (.92) | (.91) (.86)

Responses to item number 4 suggest that students who took the verbal
version of the lesson evidently did not feel that it caused them to visualize

how a battery works. The students in the imagery group thought that the

animated graphics did help’ them to do this. This may have some bearing on

the fact that these students did better on the application recall test.

The factor loadings of the semantic differential scales on two rotated

4 SN o




Table 3

Summary of Factor Loadings for Semantic Differential
Scales for the Lesson (Data from both Groups
Combined) on Two Varimax Fac%ors

-

Scale Factor I i -Factor

good-bad .63 ; .58

appropriate-inappropriate 67 42
sensible-foolish ‘ .64 47
adequate~tmadequate .67 .19

satisfying-disatisfying .65 .49

suitable-unsuitable .68 .32

worthy-unworthy .68 .08

fun-dull .25 .87
iﬁteresting-boring .32 .66

pleasant-unpleasant .19 .83

Eigenvalues
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factors are shown in Table 3. Since the good-bad dimension, also-used

in the Fishbein attitude questionnaire, had m?derately high loadings on
both factors, they provide useful interpretive information for the Fishbein
data. Means and SD's of factor scores for each of the ‘experimental groups
were pre;ented in Table 2. The two éroups clearly differ witﬂ respect to
these factor scores on Factor II (t(38) = 3.24, p«.01), which has its

highest loadings on the fun-dull, pleasanteness-unpleasanteness, and interest-

ing-boring scales. This result indicates that the group taking the verbal

<

lesson using n;‘;;aphics found it to be less fun, less interesting, and less

pleasant than was the case for the group that took the animated graphics

. 4
lesson: \

Factor I loadings, highest on good-bad, appropriate-inappropriate,

sensible-foolish, adequateLinadequate,retc. (Table 3), yielded factor

scores that were essentially the same for the two treatments. The Eigen-

values (Table 3) indicate ti}t'Factor I accounted for most of the variance

in the semantic differenti scores.

Factor scores for the other two concepts--the PLATO machine and the
game--were not significantly different. _Means and,stang;rd deviations are
presented in Table 2 and indicate that.alfhough the groups differed in their
affect.towafa the treatment they had similar attitudes toward the PLATO
machine itself as well as Fhe £ic-£ac-toe game that tﬁey interacted with

before the instructional treatment.

L4
Individual Differences. Aptitude test scores and other individual

[}

difference data are summarized in Table 5. Comparisons between the treatment

groups on the variables of sex, SAT, Paper-Folding Test, and prior exéérience
revealed no statistical differences. The groups appear to be equivalent on

these dimensions.




. :: ;‘ -~
) ’ Table 5 ) )
Summary of Means and Stanéard Deviations for Individual ‘
Difference Variables by Treatment Groups ' .
X
' Group .
Variables Imagery No Imageg;- -~;
(N=20) (N=20)*
X SD X )
Paper Test 13.09 (8.92) 13.‘39 '(9.18) )
SAT: Verbal 46.90 (9..’96). 45.56 - / (12.17)(
SAT: Math v 54.65 - (10.42) _ 51.50 © ((14.17)°
College Chemisfrya ' 1.60 (.50) 1:8 (.41 |
High Sc%oo1l Chemistryb ‘ 1.60 ,(,88; 1.95 (.95)
Coliege Physics® 1.90 (.31) 1.90 (.31)
Handedne ss¢ ) 1.15 (.37) 115 (.3?3
Sex® | b l_

/

% Excepg for SAT Math & SAT Verbal, N#18,

a. 1 = yes,

+
o
p—

L]
=2

"0
=2
n

. 3=

right, 2 = left

e, 1 =_femalé, 2 = male

-43-

more than 1 yr,.

C

<.
.

.~




N

yd -ToaaT OT° @43 e 3uedtyrusys oxe oWF 1 Jo sanfea ‘oz = N x
~
e .

% . = -
9 A ‘ ITUWIAOK LT
60° ; ung g 1030BJ - QS - 2pnaTIIV
Ly 6€° . ,wanmuﬁsw\rnﬁ 103084 - @S - 2pN3ITIIY

& T -
gr- *  wl° cH° | uT2qYysTd - 9pnITIIV
80" ot 64" 11°- .. . 31s3] 8¢Apiod aaded
z20°- 10 zsr  1t- e ] YaeR :IVS
» J
Y Lo’ Vo - 9L A . 1eqIdA :1¥S
- Butpuelsaapuf
. w0°- 1¢° 12 11° 94" 1¢° 65" € 11ed23%
ﬁ. - ' uoTsuayaxdwo)
72 LO® Vil 60"~ £9° , LS 17" 6L° ) T 11®2°W
: . a8paimouy
gy'- €T 60" - 1€ - A4 - 0g” 59" 15° €S” . 1 118°9Y
: 2 € N z 1
W3 ¢GSY 14sV . dv Lidd WLVS ALVS d d - | s31qeTaeA
S " 4dnoan £1s8ewy ay3 .
_— ’ 103 saiqeraep awog Suowy SUOTIB]III0DIAJUL JO XTIIBW

+ 9 21qel

)

4=

Aruitoxt provided by Eic:

E\.




L]

JO saniea ‘gl = N 104 +"13A3T Q1" 3yl 3Ie JuedTITUBTIS 31e [¢° ~1 JO sanjen ‘gl =
34l 3e.3uedTITUZTS 31® Q" <1 JO saniea ‘07 = N 104

\

"13431 C1° 3yl 3e 3Jued1jtudls aie ¢ -1
N T84
*§Tsayjuaied ur parzroads axaym 3daoxe ‘gz =

REZCI IR
N x

ucwEm>ox 249

Lo*
(61) ) ; - . :

- 0T" , ung :Z 1030583 - S - 9pNITIIV
(61) .

0T ——20"- 31qe3TNg [ 103°EJ - S - IPNITIIV

1'!\\1\\\\\\\ ) ,
(61) .
107~ €G* - 9% u19qUsTJI-apnITIIY
(61)

- QC°- 9z"* 91" Gz 3sa] Burpioi aadeq
(61) (81) (81) (81) (8D s
e = €Z° A S1* ¥8" UIBK 1LVS o
(61) (81) (81> (81, (81) .« A1)

L0 0z ng: o0z’ L9 -% 7L 189137 :1VS
(61) . (s1) (8D Butpueisiapup
91 z0" 80" - w1° 86" £€9° Vi € 11e03¥
Amﬁw (81) (81) - P . uotsuayaadwo)
L1 00" - 11°- 61" 94° 9%" YA LLe : ” ‘ . T 11e03¥
. . \\ ) .
(61) (sD) (81) ) a8patmoux
60°- 10°- 21 - L1” €7 . €y 91" c8" 89" 1 11823y
. , . € 4 1
Wi zasv 1asv 1id WLVS ALVS 3 ‘u q sarqetaey
. o xdnoan A1up 1eqiIsA 2u3
arqetaep awog Buowy SUOT3IB[311001334] 10J XTIIEW
L 319qelL . - .
B . - N C
&l

Aruitoxt provided by Eic:

E




&

1
.

attitude outcomes and with each other. These relhtionshipsfare summari
for the imagery group in Table 6, and for the verbal gr

These correlations reveal slightly different patterns o de-by-treat-

ment (ATI) correlations between verbal and imagery groups.

\

i Although the differences between the groups are interesting, <inter-

pretation would be highly speculative. Cronbach (1975) has discussed‘problems
: 1
associated with such ATI analyses. Simijlarly, there is some evidence in

’ ; |
" Tables 6 and 7 for a weak ATI between the eye-movement data and the Fishbein
attitude questionnaire: r = .47 for the Graphic Group vs r = -.10 for tl=
Verbal Group.

The eye-movement score was obtained by summing the scores for

each of the 20 items. Th: scoring procedure for. each of twenty items

on the eye-movement test-was as follows: 1 for a right-movement, 2 for

no lateral movement, and 3 for a left movement. The EM scores, then,
L
ranged from 60 for a perfect left-mover to 20 for a perfect right-mover.

EY

T~ positive correlation between EM and the attitude variable in the
\

imagery group indicates that\lefﬁ-movers (suggestive of more reliance
I

on right hemisphere processing) liked the treatment with external
o :
imagery better, These kinds of relatioaships are worthy ot considera-

tion for further research. \f /
; u / \
|

\ /

Ir Table 8, we see tliat tﬁe Paper-Foldirg Test correlated highly with .
‘ , R

the math and the verbal SAT tesﬁ&. A result of this nature should not be
\ .

surprising. The dual-processing systems in the right and left hemispheres,

. . C
reviewed zbove, are both available to normal subjects, and most non-trivial

informaQ&on-processing tasks probably require some mixture of both types of

v

processing. oo
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Stepwise regression analysis of these relationships between recall and

the aptitude variables is given in Table 9.

gppeared to be the best predictor of knowledge and application recall items

The math section of the SAT

1§
the Paper Folding Test the best predictor for the comprehension test.

Table 9

Summary of Multiple Correlations using SAT

Y
P

Scores and Paper Folding Test to Predict

Learning Outcomes

N = 38

Dependent Variable Predictor Variables | Step-wise R2
Regression
R
Recall 1 SAT: Math .39 .16
Knowledge SAT: Verbal 4l 17
Paper Folding Test: 42 .17
Recall 2 Pape: Folding Test .51 .26
Comprehension SAT: Math 54 .29
SAT: Verbal .55 .30
Recall 3 SAT: Math .52 . .27
Application SAT: Verbal .53 .28
-48-
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DISCUSSION

The principal outcomes of this first study were that the lesson
in which animated, interactive graphics supplemented verbal description
resulted in somewhat higher scores on recall tests of knowleége, com=
prehension, and application, and that the students found this lesson to
be more interesting. The bigger differences observed on the three
recall tests, in which students had to generalize their knowledgé of
how a battery works, could have been an effect of the supplementary
graph}cs in this lesson. Factors such as dual-coding, spatial topography,
and interaction with graphics could have faciiitated a bette; under -

standing of the concepts, constituents, and principles underlying simple

2

batteries. This outcome generally agrees with information in the literature.

The moderate correlation between eye-movement d;ta'and attitude
data for the imagery group (.47) versus essentially no correlation (-.10)
between these variables in the verbal group, igainteresting. However,
the difference was not large enough to warrant an aptitude-by-treatment
interaction analysis.

First studies always raise morc guestions than the answer. In
most of the literature describing positive ef:ccts of imager on learning,
the task usually involves learning -imple material, such as trigrams or
nouns, and the treatment difference usually is produced by instructions to
use méntal imagery. Peterson's (1975) results with spatial matrices are
an exception to the outcome of this common approach. His subjects who
looked at external images of the matrices did better on short-term recall than
subjects who were instructed to construct mental images of the matrices
while listening to tapes which described their contents.

-49-

‘

!JL‘




However interesting these results are, it is doubtful that they

can be generalized to the much more complex subject-matter, learning .

L3
H
conditions, and recall tests, characteristic of training and educatioa. . o
& 2
Instructions to students td image, while learning more complex subject- %

matter, encounter certain difficulties that were discussed in the earlier
report in this series. It would be preferable to so arrange conditions
that subjects would be forced to use mental imagery during“lgarning.

The results of this study §;ggest that the external imagery that was
supplied did stimulate mental-imagery. However, more po&é;ful procedures
are needed to force students to elaborate“their own imagery from that wﬁich
is supplied to them. These are likely to fall under the head{ng’of content

mediators, as discussed in earlier reports.
PP

It is desirable to have better indicators of when subjects are
generatigg mental imagery. Verbal report\is insufficient evidence. Possi-
bilities for using evoked potentials\for this purpose were suggested by

-~

Calloway's work, noted above. These are being investigated.
Finally, it is desirable to relate imagery processing with current

theories of the structure of long term memory, now nrimarily bascd oun

neo-associationism applied to verbal processiug. v IRTOORE B

maintain that the ?asic processes in long term me;oxy Are 3 r 0S5 .

for both imagery and verbal processing. This may or may not be so; ccertainly
the evidencé for two co?ing systems must be handled by propositional theories.
Perhaps, the more important question for educ%tion and training is how to
organize the mixture in ways that will be more effective than those suggested

by common practices.
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